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repeat sequence. B. subtilis strains carrying null muta-Never Fat or Gaunt
tions in fapR are viable, but growth is cold sensitive,
and the cells appear to lyse at low temperature. As
expected, expression of the target operons is elevated
in fapR strains and is not further elevated upon additionBacteria stringently regulate the synthesis of their
of cerulenin. Therefore, the authors make a convincingmembrane phospholipids, but the responsible regula-
case that FapR is a negative regulator of lipid biosynthe-tory mechanisms are incompletely understood. In this
sis and that the increased transcription observed in theissue of Developmental Cell, a study reports negative
presence of fatty acid synthesis inhibitors is mediatedregulation of the transcription of several genes of fatty
by FapR. However, FapR repression must be somehowacid and phospholipid synthesis plus identification of
neutralized when fatty acid synthesis is inhibited. Howthe regulatory protein.
is the DNA binding activity of FapR modulated?
Schujman and coworkers report that the key fatty acidThe membrane lipids of bacteria constitute a constant
synthetic intermediate, malonyl-CoA, modulates FapRfraction of cell mass, which is retained over a wide range
action. This molecule is a very reasonable candidate forof growth rates. Thus, these cells are never fat or thin.
the regulatory ligand because the acc genes responsibleSince lipids are neither degraded nor excreted, these
for malonyl-CoA synthesis are not under FapR control,organisms must have stringent mechanisms to ensure
and malonyl-CoA concentrations are known to increasethat the rate of lipid synthesis is “just right,” regardless
upon inhibition of fatty acid synthesis in E. coli (Heathof the rate of growth. Although significant progress has
and Rock, 1995). Moreover, the only known fate of malo-been made in recent years, the elucidated regulatory
nyl-CoA is fatty acid synthesis in B. subtilis and mostmechanisms act mainly at the level of the activities of
other bacteria. Indeed, when the intracellular malonyl-CoAthe lipid synthetic enzymes, rather than at the level of
supply was decreased by restriction of transcription ofenzyme synthesis. The known examples of transcrip-
acc genes that encode two subunits of acetyl-CoA car-tional regulation of bacterial lipid synthetic enzymes are
boxylase (the enzyme responsible for malonyl-CoA syn-the fabA and fabB genes, which catalyze synthesis of
thesis), FapR-mediated repression of its target operonsunsaturated fatty acids in Escherichia coli. Transcription
was increased. However, a number of questions remainof these genes is positively regulated by the FadR pro-
with respect to malonyl-CoA regulation, and proving thetein (Campbell and Cronan, 2001; Henry and Cronan,
identity of the regulatory molecule involved in FapR DNA1992) and negatively regulated by the FabR protein
binding will unquestionably be a major focus of future(McCue et al., 2001; Zhang et al., 2002). The regulatory
work. Prior work by Perez et al. (1998) demonstratedligands of FadR (which also regulates fatty acid degra-
that restriction of acc transcription in B. subtilis has adation) are long chain acyl-CoAs, and this has been well
profound effect on growth, as well as on membrane fattydocumented both in vivo and in vitro. Since the FabR
acid composition. These factors could cause significantregulator was only recently discovered (McCue et al.,
metabolic differences in addition to decreased levels of2001) and characterized (Zhang et al., 2002), the FabR
malonyl-CoA synthesis, and the possibility remains that
regulatory ligand is unknown.
the increased transcription observed during malonyl-
The paper by Schujman et al. (2003) in this issue of
CoA limitation could be a secondary consequence of
Developmental Cell reports a major advance in our un-
the different growth rates of the cultures compared.
derstanding of the transcriptional control of bacterial Perez et al. (1998) demonstrated that exogenously sup-
lipid synthesis. In a prior paper (Schujman et al., 2001), plied fatty acids largely corrected the growth defect
these workers reported that transcription of the fabF caused by limiting acc transcription. Therefore, fatty
gene of Bacillus subtilis markedly increased upon expo- acid supplementation may give a better physiological
sure of cultures to cerulenin, an antibiotic that inhibits match between malonyl-CoA-deficient and control cul-
the enzyme encoded by fabF. A similar result was ob- tures.
served upon addition of triclosan, an antibacterial agent In vitro demonstration of FapR regulation may be a
that inhibits the last step of the fatty acid synthetic cycle. simple matter of conducting gel shifts in the presence
In the present report these results were extended by of malonyl-CoA, as the authors have already conducted
DNA microarray analyses. By this approach the tran- numerous similar experiments with FapR and the fab-
scription of seven genes of fatty acid synthesis and two HAF or fapR operator sequences. In vivo, the relation-
(putative) genes of phospholipid synthesis was found ship between FapR and fatty acid synthesis seems likely
to be increased upon treatment of cultures with the to be more complex. Triclosan, an inhibitor of the FabI
lipid synthesis inhibitors. These genes group into six class of enoyl-ACP reductases, increases transcription
operons, and each of the six operons was found to of the FapR-regulated operon as efficiently as does cer-
contain a conserved 17 bp inverted repeat located ulenin. However, unlike E. coli, B. subtilis contains a
within, or immediately downstream of, the predicted second enoyl-ACP reductase, FabL, which is triclosan
promoter, locations consistent with binding of a repres- resistant (Heath et al., 2000) and would be expected to
sor. A double-stranded oligonucleotide containing the have retained significant activity at the concentration
conserved sequence was then used to isolate the bind- of triclosan used. Therefore, the triclosan-treated cells
ing protein from cell extracts, and the encoding gene might have experienced little or no increase in malonyl-
(now called fapR) was identified by N-terminal sequenc- CoA levels. Direct measurements of malonyl-CoA levels
ing of the isolated protein. As expected, the purified would be helpful in resolving these concerns.
protein efficiently binds the promoter regions of the reg- It is not obvious how membrane lipid composition
would be affected by altering the transcription of theulated genes, and this binding depends on the inverted
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genes identified by microarray analysis. The reported FapR is clearly a central and important transcriptional
regulator of lipid synthesis in a subset of gram-positivedata demonstrate that the lengths of the acyl chains are
increased in the fapR mutant strain (which probably bacteria that includes several important pathogens. Al-
though FapR homologs are not restricted to spore-form-accounts for the cold-sensitive growth), but the total
numbers of acyl chains were not reported. Increased ing bacteria, the regulatory system seems likely to play
a role in sporulation, an event that requires increasedacyl chain length means that more carbon is being con-
verted to fatty acids and thus constitutes a form of membrane lipid synthesis.
overproduction, although the increase in carbon incor-
poration is very modest (15%–20%). However, it may Ethan S. James and John E. Cronan
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events and tissue interactions leading to their commit-Welcome to Syndetome:
ment (Brent et al., 2003).A New Somitic Compartment Musculoskeletal elements of the body axis—
vertebrae, ribs and their associated muscles—derive
from the paraxial mesoderm. During its differentiation,
the paraxial mesoderm undergoes segmentation and
becomes organized as paired blocks of cells, the so-Virtually nothing was known about the embryonic ori-
mites, distributed on both part of the neural tube alonggin of tendons, until a recent paper by Brent and col-
the anteroposterior (AP) axis. The somites differentiateleagues in which they track the origin of tendon pro-
in a very stereotypical way. Once produced, they appeargenitors of the body axis and reveal the molecular
as epithelial spheres with no distinct morphological po-events and tissue interactions leading to their com-
larity or signs of differentiation. A few hours later, undermitment.
the influence of extrinsic signals, the ventromedial por-
tion of the somite deepithelializes to form a distinct mass
Posture and mobility of the vertebrate body rely on the of mesenchymal cells, the sclerotome. The dorsolateral
musculoskeletal system. Full functionality of this system part of the somite remains epithelial and forms the so-
requires that muscles are tightly attached to the bones called dermomyotome. Later on, cells derived from the
so that the force generated by muscles can be used to dermomyotome intercalate between the sclerotome and
produce body movement. This link is provided by the the dorsal epithelial sheet now called dermatome to
tendons. While the embryonic origin of the muscles and form the myotome. The sclerotome will form the bones
the bones has been thoroughly studied, little is known of vertebral column, the vertebrae and ribs, while the
about tendons development. In the limbs, tendons have myotome contains the precursors of the segmented
been shown to derive from the lateral plate, while the body muscles that associate with these bones. The der-
tendons associated to the segmented muscles of the matome generates the dorsal dermis at the body level.
vertebral column derive from the somites. A recent paper At this stage, these three tissues, dermatome, myotome,
by Brent and colleagues provides insights into the ori- and sclerotome, clearly define distinct embryological
compartments: they have distinct morphologies, uniquegins of tendon progenitors and tracks the molecular
